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(57)Abstract: 

PURPOSE: To obtain an exchange coupling film which 
is possessed of a large exchange bias magnetic field and 
improved in thermal stability by a method wherein a first 
anti-ferromagnetic film is of tetragonal system, body- 
centered cubic system, and NaCl system in crystal 
structure, and a second anti- ferromagnetic film is of 
face-centered cubic system in crystal structure. 
CONSTITUTION: A second anti-ferromagnetic film 3 is 
formed at an interface between a first anti-ferromagnetic 
film 4 and a ferromagnetic film 2 through an RF 
magnetron sputtering device for the formation of an 
exchange coupling film. The exchange coupling film is 
formed on a board 1 of glass, wherein the ferromagnetic 
film 2 whose composition is represented by a formula, 
Co90FelO (90at% Co-10at% Fe), is formed as thick as 
lOnm or so, and the first anti-ferromagnetic film 4 which 
is of cubic system in crystal structure, represented by a 
formula, Ni50Mn50, in composition, and formed as 
thick as 3 to 50nm. The second anti-ferromagnetic film 3 
which is of face-centered cubic system, represented by a 

formula, y-Fe50Mn50, in composition, and formed as thick as 0 to 5nm is formed at the interface 
between the first anti-ferromagnetic film 4 and the ferromagnetic film 2. 
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[#fFf»#©®5H] 

«ttft:Ri:«Ji»ia* ii5»«tt#Rt , BfflHfg 1 ©K 
»aitt#Kfc«rlEaHKttft:«fc©||liBK»jaSn*»2 

mm 1 ©R»Bttt(WHtt, lMMft&#!E*AS. {M> 

St^S^SS.tU'N a C 1 ■&<DmfrbM\Zfl1t 1 SlcUR-t 

lWfES&2©K&B*tt#Bltt, iftMft£#iB<b&*AX© 

LMI1F e , Co, N i ©»A^31Hftlfc4>&< t 1 
1T'S)5„ 

E» 1 ©K3M»tt«R©WSfc t AF1 . ffrlHB 2 ©K3S 

attfMS©***^ 

3nm^ ^50nm. JSiXl Onm< t AF2 ^ 5nm©|E|28 

K fe * £ t SrWR t -r SSSUS^K. 

[ts*«3j n^ie*©a*«£«fc*s^-c\ Mr 

IBJin ©K!ft«ttfl«©*-/H1*«:T N 1> #J!53|2 
©K&&tt#BI©*-A'ia££T N 2 4-f5i#» T N 
2<T N KOBBflifcfcsriSrWSti-SSadlS^il. 
[If»*«4] »jJWlE*©^ttafltfc*svvC, HIT 
IB*l©Safc«tt»ffltHiQMn^, CrM'^, N 
i o&&is&xfc o o-g-&©ifr&»f>3fi£ixfc 1 M<D<g-& 

^fjiS^ rr-CQIiFe, Co, Ni, Cu, Ru, 
Rh, Re, Ag, Au, Os, I r, PdJoit/Pt 
om^bmtftl1t^£<thlMVi>9. M'ttMn, 
Fe, Co, Ni, Cu, Ru, Rh, Re, Ag, A 
u, Os, Ir, PdfcitfP t<Dmt*bm&fttz.'pt£ 

1 9IB«©^^^i: , WIB^^^K© 5 < 

EJBlORaiattfWtOilWtAp! (4 5nmiS t AF1 g20 
IBMWI7] »*S2B«©«»tt^KK:l8V^-C, lit 

E»2©Sai«ttfl«©K»t iW2 (40.3nm < 
5nn©©ffl{Cfo5o 

{M#S8l BS*SiB«©S*«S«-ISK:*sv^T, tfr 
E3iaM£-&R©:/ny*v^jfl£tt200 t C£JL±T*fe?)„ 

[»**9] »**3|5«©S^^IC*5V>T, ffi 
flBKS 1 ©SM«tt(Wt©*-/HB*T N 1 (4230 <C«± 

[!»*« 1 0 ] 5 &«©««&&&«*?-£*! 

v^T, IM&l«>b4eit©&&lteMk #8$fflgl*5«k 

traij©guBttKtfttii s n, * j/«#«at ± 



loooi] 

M&fcm t ©£&*S-£ v ^fcX*B£Kk *s £ £ © 

K«©atft&ft»*»-?-icH-*-*. 

[0 0 0 2] 

[&*©&«] 3WE» ffiftAfltftGftKttltSff&Btt 
Kfc LT. «tft»«:»*Srfflv^fc**^y K©W 

T(1«h5J; 980at%N i 20at%F e (Mfa ; -vn 

#fc>5*Hsf£ UTfct xli (Co/Cu) n ©<fc5l;:# 
*©«ttSIBK:#«ttJBfcl9!»*, «ttJiM*«SS»fcS 
a«ttft^i**fcl^S©AI^I«*\ -#©«ttJI 
HIK*aM4Ji*Krt*:«K:*sv^*©attJIS:Sai« 
ttfMSK»^- K»T?«ftH* Lfc* tr WV^K* if© 

wa*^Kffto*vL*»u, -^©^m^fflv^csm 

•So *©-ot»BMife#-C*>**««t(a6*iti:S3l« 
tt#t©SEljllS'fr*fflv^T*|S*»S*lRjJ!:H«i-** 

n^Srfflv^fct>©*sa*113BSix-CV^ OfcS^fFfg 
4103315 ^K>»#:fciU*B#fFi?5014147 ^j&l 

») o 
[0 0 0 3] 

eMn^Mi < fciHMl:tt*^©Bftttl!:BI«*s* 

9 , w \mfmtm%m t * 5 t v - f 

eMn-&A*»64SS»8Ht(WHi:aWIUT»fiJl4*ifc 

«^^r^a*3js»K*s^ny*y^a« (t b ) ^ 

[0 004] $ Pj.-fi, gSSatt^i; LTMn P t , M 
nRh-g-^:*i*©Mn-g-^Srffll/->fc0i| J ? J gf'(k^©N i 
O* if *fflV^*L«4ift>*B«fF*4103315 ^-Wi(B»fc 

[ 0 0 0 5 ] ±a Lfc i 5 3£8&tt#K fc S^JKttfls 
■tt©SE*i»^S:fflv^3i5*»^BII4, r^iffci:^ 
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[000 7] *«91©£&i|grfrjRH:. $ 1 ©K&B&ttft 
Kb. zcomi fflRiHil* £ t J£f£ * ft 5 BHtttt 

MliFe, Co, U ifrbmtftlit'ptK tb 1«) ^ 

[0008] $ bfc, » 1 ©£3K8tt#18l©KJi££ t 
AF1 , fB2©S»»tt#K©KWS:t ilF2 

3nmS t AF1 ^50nm, feiO 5 Onm< ^ 5nm©$£[l 

»Cfc9, m ©RB*ttfl«»*-A«*:T K 1, IS 

N 2<T N 1 ©»«£&*£ irSr***-*"*. 
[0 0 0 9] ;^H©tt^tt3MU*7-tt« ±3$ 

<D3m&&mt £©£*»£«© 5 t t>2Htt& 

#Rfc««E&ii1t1-5fc»©*«fc 

[0 0 10] i-*t>*,*»M*«tt. IBlORSBBttfr 
K©**«Jt* J jE***, fttofc#ft**J *tfN a C 1 
Sic* L, r ©SS 1 ©RM»ttfl«i:aa*fe#K«>JH5 
»^/&$ft5f& 2 ©Kaftflre#l(©itAfl6&#iito^ 

*U ^o^©^Sttt+»-Cfe5ii:SrEffiL*^ 

[ooii] r©<t5i-*^wt-*3^rti, ms&#m 
tmi (D%.&m&ftmt ©#stc^ 1 ©KaMBttWR t 

ttttft**©**** 2 ©£ttfl£t£flcl(*«jft-t-* £ b 

1 ©g»«Mtl|iWi^tt»*tt«tt©*Br©aM5tt* 

2\ 12 ©5t3£B£ffl^£tf- L Xm 1 ©S&BS&K 1 $6* 
1SUK£©iR^#ry:/W*3fc»-e*>S. ^ "btc^v^ 
«efjett*s»e>*t5aStt» IB 1 ©K3*«tt*K©R» 

as*2©sas«tti«tjt'<-r»v^©tr» ^e>«cT B tt# 

B"Ctt4<R5iaMtBI^#T?*3e*ii*©^ R^T B 
SSI 2 ©£9ftflM£gttt£ £ 9 *&9J©8Mtit9Mt 
ttK©T B ^«b«fcS4*i6fc«>T?*>S. 
[0012] 8MMft&a*jE#£*, #ifcadSrai*J8J:W 

Na c i m©^T^li:JS-r5*rfo'5^WI-'Kfc>2) 

fgl ©K&BS&ftffilte, QMnM, CrM'^Sft 

V\ rr-CQttFe, Co, Ni, Cu, Ru, Rh, 
Re v Ag, Au> Os> I r> Pd, P t ©V"f tl*» 
1 «£A±d^3ltftV, M'UMn, Fe, Co, Ni, 



Cu, Ru, Rh, Re, Ag, Au, Os, Ir, P 

d , P t ©V vf i 

[0 0 13] ffl 1 ©£8U8ttftK©H* (t^! ) tt, 

#^#4--f-5fc*{C«, 3nmg t AF1 ^50nm©®fflTfo 
Srt^»*LV\ -f m 1 ©R»«tt#R©» 

ff (t^i ) * 3i^fllT* 3 
t>ftic:<<, 5(Wrjgx.5£, 2 ©&&B£tt#ffi?tf> 
©»»*P* <5 i b K X 3£&at1£fflR©ilS&tt©£fl: 
. M«tef«^©it«a ©!««■*, !tt»ttfl«i:©e 

*ttfM©tt*3ft*©ilM:fc <fc 0 , TxMfttf 
3<ftoTL*5©T?#*L<4v\, i9»*U^«H 
5gt AF1 S20nmT?$>3 o 
[0 0 14] *&H£ti&£$2©KttttttttKtt£l 
©S3ft*ttWRi:»l«H4i*«i:©*ffifcJ!J*Six, £A 

©-efoD, *©BIJi: (t AF2 ) *s#*L<tt o< t AF2 

S 5nm©|Slffi"efoSo rCt*T-MMnM<0Mlt F 

e, Co, N i ©3fc*»6»±h,fc^*< 1 1 l«SUb 
©^JS-e*)5„ *6fc5»*tt««i»l©SSI«tt#K 
t©^f B ©S-&tt^-/va^©SiJWS:Btet LT, fc 
tiUCu, Ru, Rh, Re, Ag, Au, Os, I 
rfc£©#&**£*rJ^-r3:: 3. r©JgJ¥ 

(t^) 5nm*itt*.Si:, T B ©iST^m 2 ©S5fi 

a»ttK t as i <D&&m&#m<Dmm%>mc «t 5 a*/< 

W 7 *8&#©T y ^J»»-C# * < * t < 
(t^a ) *5 0. 3nm*»©#-&, •?:© 
J*JR#BJifcft5©-e» i5»*L^»2©R»*tt* 
lg©fiW«:H: 0.3nm< t AF2 g 5nm©®H-efe3o 

[0015] $ bfc*5S«-ettSf 1 ©RMHWtfl*©* 
-/i^fiS (T N 1) ifS2©R»«tt{«jl©*-A«ft 

(T N 2) d5T N 2<T N l©H«SrS§JE1-5i5<-K 

-y=5rV^a« (T B ) *i«<-r6rfc*JT?#a. 

* 1 ©K»8ttt(ttt©*-/1«« (T N 1) t^2©S 
MH»ttfWR©*-A«af (T N 2) ^T N 1^T N 2IC 
45i^oy # >-^ia«©(P3±ttS* -ej*^ < * 

su T*MRtf!kt>tix&%i%s£mb Lxmm l* < 4 

SU«J|L1>-C©ft31fti5.SSif Sft^WlWi* 

w©5Eifciie^Wca3rt*^ny*^^fflAi4 2oot^± 

^»4LV\ 4fc, T N 2<T N l-CfoSfc«)©T N 1 
[0016] *^^©^m^l^l-*5^T, St^^jei 
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e, Ni, C o(D%m&&m j $>^nh<D-&&X'hZ>F e 
x N i 100-x » F e x Co lo0 _ x , F e x Co y N i 10 
0 _ x _ y ^P>Wcrtbf>(0^tfiS^ttl6]±$rB«Jt U 

[0 0 1 7 J *&n©£Att£-gtf*. **& X*y9 
8U MBE«feftif^*l©J«|)t*jft*rfflV^»J**Jx«. 

ic, &#*^©$K^&#*©?&&S£ffoT'bJ;v\ ) 
[0 0 18] *fc % ;«W©**ffiS^*J(m!:*i^-c 

Sit lv \ rr-Tf!Bi38J:t«B2 ©R&fi£tt# 

©Kftfc»iS:Lfc«Sttt»:*fl:©flrf-**U"r4*:«>lJ: 

[0 0 19] r©i:SJSV*fe*ta«8tt» #7 

HMBfc £©#*«**■* s i. MgO, t7r^ 

sk& if t < icine $ *vf , § e> KR&BStt#BH>&& 

ttfM^*MHS:*:fo±3*afc©te* SSLhfc l~ 100 

SttSrlRl±$*5 t>©T'fc;}xfi t < icmfeZtift^iK 
fctfclf Pd^P tfc£j*&JR-*CoZ r Nbfc£©# 

©a^«SBB^^«rfflvyfc«*©5vv*fcfcJi-e# 

So 

[0 0 2 0] 
[00 2 1] 

[HiS^J] 

#«£»^#«©J|LBifcaS 2 ©£3M£1£ttR&&J& t 

M^COgoFen, (90at%Co-10at%F e) 
*i5M«tt#R2©RBItl0im > £A*iia*jE:&i£aU£ 
JRUUfca*N i 50 Mn S0 -C^§ix5^1 ©S^tt^K 
4 ©K)?Srl5nnii: U tttttt#lt2 i» 1 ©KttflSttfr 

!4t©#Il:M-iST-F e S0 Mn S0 ©$2©R3£fil 

[00 2 2] tttSE©fc*^m 2 ©KgUttttfflRfcJIW:: 
©«E»*|SJ) fc«flfflWfctrlRlb©»fl;«l|«rH2fcS% 



1% -©t tasft oi^*5tt5rii#©e£#©At $©nc 

tfS£&A<-f 7*8£# (Hua) fcft5. 
[0 0 2 3] H16«l©^ie^^oV>T, B2©S 
»«ttftK©W*t«K^<W 7;*$:#©P&£I2I 3 fc^ 
-f. H3J:9» »l©Ra*«H4#BI (Ni so Mn so ) t 
&B*ttftlSI (Co 90 Fe 10 ) ©ffffifc lnm£lUb©g 2 © 
SttBttt^K (v-Fe 50 Mn 50 ) *Jt&iM-4£ 
*/<-fT^«ff*«9500 (A/m) £Lhi*t < fco"^ 

[0 0 24] £ 2 ©H&fl£tt#ffll©ffiW 5nm£ 

a*5i£!J^T;*^©**SH«M>u jhbksi 

2 ©KttKttfflRftgric LfcSMIH:* < * o T ^ 5 £ £ 

[0 0 2 5] ^^ttfc^^Kl^oV^Xi^lHlJrT-K 
©fcifttt&B"**: * 1 ©K«*tt#Ri MfflMSfe 
#iR©#ffiK:* 2 ©£&flH£#Rfr&j£ U/c r £ T?ffil© 

>IH4©fi±;!>s£&'W T^8MIL©Jtlnk:*# LTV*3 t 

©ir#x?)ix5o 

[0 02 6] B 1 ©S&BSttfrflli LtN i S0 M 

n S0 ©ttfc>9(;:Co x Mn 100 _ x (10 <; x <;50) , Pd 
x Mn 100 _ x (40 £ x£ 60)£6tt^£*&#jE;fr 
SRttSMtfW-^CrBBMiiB Cr98 
Mn 2 £tt£»3i#{Mj^S3Rfc«+3RaJ« 

OflL^B^fc*, N i Mn^©^tH«JC^^W 

[0 0 2 7] 3!iS0H2 
SflSW 1 £ El*©#8re, £ LTC o 83 F e 

9 p d 8 mi <DB.mtiz&wmt l-cjbw^ism© 

N i 0«rfflv\ *©JMIifc*2©R!S«ttfMIJ: LTBI 
JW* 0*»bl6niD©y-Fe BO Mn 6 o*r»J*UfcSafclS* 
K?:^S!{Lfc 0 i©tt©^2©SSHKtt^©^l?t 
2S5*^-fT^«*©BBffSrH4K*r. EI 4 it), ^2 

6400 (A/m) JJt±i49> SS^MT^lJM|l©it»jJ« 

[0 0 2 8] Sfc, »2©Sa*aSttfrJRi:Ut:y-Fe 
50 Mn S0 ©f^tot)^y-Co x Mn loo _ x (50 ^ xg 

65)^ y-Fe 65 (N i 0 . 31 Mn 0 . 67 ) M^tttH 
©V -MMn-g-^^ixP>©-g-^|CCu, Pd, Pt, 
A u 4 if©»^Jl?r 5at%^iB Lfc-g-^Srffl VfeSSftig 
*Kftfls«U ^©Xlft/Wr^affSrW^fc**, v- 
FeMnffli^^i IcSfift/W T ^ ©HAtlWMdB $ 

[0 0 2 9] HJSt»j3 

rim y-FeBoMn 50 ^*r*2©RMaWt# 

K> N i O £S& 1 ©RSSflStt^, C o F e S&Z&M 
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[0030] mm^&Mm^fc%$iitzm%mm 

^1"o Sffil i- 14 #7059#7* (a-s.^i^'^tt 
*fflV\ tttttt#g|2(cailtV^ 7nn©Co 
90 F e 10 £rfflV\ $ 1 ©KBttttttttM .n 15nm 
ONiOWfc*, »2©S»»tt*K3K:HW^ 5nm 

£>y-Fe 50 Mn 50 -g-&S\ ^H4^6JcHJgJf 3nm 
©Cu^ mffiSI-fiMff^O.S Mm ©Cufc-tft-eh- 

Lfco 3£B&tt#K2, g2 0K8M£#lt3*$J:tf£l 
©RS*S)ttflsJBt4H:, «*tTfjWlt*flV^illc-*** 

OiHftWffl-fevf-SrWfc. z.<o'&, 200 t:©»#«t»-eio 

7 ;* ^M^f- Wjfa Lfc„ 

[0031] nbtitcm^mm^^^^hmw 

4f©»Mt^»**nfcR!iaH4fls«l* y - F e 50 Mn 
50 *a T?fEH Lfcf£*<DBWMfttilJlJ -fe 1 mnStU± 



[00 32] Hlt«4 ~ 9*ilfifc««f 1 
Lfc. aUSIttflcKfcU-CHt, Ni, 9 Fe 16 Co s 



Jfl^fc. *l©S3Sl«tt*Ki:U-CH:» Pd S6 . 

44 (na:«i4) 



P t S9 Mn 41 



; Mn 

N i S0 M 



n 



so 



I r 



. osisws) 



C r 92 P t 8 (HifiW 7 ) x C r. 



NiO mm&l9) &*ti?ti!5 



SnmWy-FegoMnsoSrfflV^fco 

[0033] «-sas«os«*s^wcot t ©ssa^v 
7*«jws#fc*aa* (^y*^/iw ; t b ) t 

£ 1 ic* l jc^i". fc*sJt«« 1 £ LT> 

i&ttfflgli tTKff^20nmK» y - F e so 
[0 0 3 4] 

[*1] 



m 2 ©ssnKStt 
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T N ICC) 




T N ltt) 
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Pd 56 Mn 44 


560 


Fe 5O In 50 


229 


260 
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Pt 59 Hn 41 


542 


( 7 type) 




250 
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Ni 50* n 50 


800 






265 


7 


Cr 92 Pt g 


357 






230 
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Cr 9? lr 3 


307 






200 
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NiO 


247 






160 














i 






Fe 50* n 50 


229 


140 



Blocking Tenp. 
(X) 



( 7 type) 



£4 Fe 50 In 50 ( r type) © te&&&ttffi'k\&#iil&'?* So 
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[0035] shot i o 

rr-Cli, y-Fe 60 Mn 60 £-£«r&2©]x3H8tt# 
M. I r S0 M n 50 £Sg 1 0>£gUttttttK. CoFe^ 

[00 36] *#WK^:Sllli«-CfP«S*tfcat«afiSi:» 

£«lEtt*«fcS'p3i'fcJ8i>\ »8ttt(Ml2 
a, 2 bfcfiRffas 4nmrc>C o 90 F e 10 &fflV\ ^1 <D 
R^WtWM4K.titm»l5m<Ol r 50 Mn 50 , |[S2CD 
£&«tt#fflt 3 (CttMV # 3nmro y - F e 50 M n 50 £& 
Sr, #&tt#B?6KI*BIJ¥ 2ninroCuSr, «ffi5l£|*R 
JP^0.3 urn (DCuZZtl^tim^tz, $P>tfilEl t 
3$fi£fflK2 b<DW t£C o Z rNb7Wr^l7 b t 
N i F e!7 a<Dmm&M&Ti&m$:, WM5 tBSm 
ttffil4 ©R|fc««Ig8 fcJBjjcLfc. *fcti5«)HHli 
30m d , *iP*H:8 Mm t bfc 0 3£fi£tt#Bl2, 15 2 CD 
KttfltttfMR 3 *j ilWB 1 OKBUttttttflM 14, 

220 tro^tp (^d*iRj) -eioawfiaH-s 

[00 3 7] v*fc*»a»bttff 
[HI] [H2] 



[0 0 3 8] 

[m i ] mmm 1 fc*m5&iiMS£ii©iwffiH-c*>5. 
[12] sas«it*jtt6*flsftiii**-t*H"c*>«. 
[i3] rnmm 1 c^tts* 2 o^ttottt^MEiogtv^ 

[H4] Htt«|2^«Sij-5fS2 0KM)»tt{*:ie«}Rlij: 
[0 5] ^iS^3ld*5tt5fi£##ttJ-fe>f-ro^ffi0-efo 
[B6] HiStfll 0fc*stt<5«IHftWffl-fev-!>-©WffiH 

1 Stiu 2 BUBttftMk 3 %2<DR 

msmnm. 4- $ 1 «>£3uBtt#K, 5 m 

& 6 mmm. 7a, 7b aiattr* 
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